3).
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Mit r u l a Fr., Syst. Myc. 1, p . 491. 1821. (sensu strict.) lMAI ( 1941 ) and MAAS GEESTERANUS ( 1964) have unravelled the history of the genus Mitrula, and we only ascertain the large variation in its content from one extreme to the other, from the wide opinion of KARSTEN ( 1871) and MASSEE ( 1897) to the narrow one of IMAI (1941 IMAI ( , 1956 ) and MAAS GEESTERANUS ( 1964) . IMAI ( 1956) , divided Geoglossaceae into new subfamilies. and tribes. Consequently the tribe Mitruleae includes only one monotypic genus Mitrula on. the basis of that the ascocarp of M . paludosa is hemiangiocarpic. In the tribe Gymnomitruleae is included one genus Gymnomitrula with two species G. abietis and G. gracilis on the basis of that the ascocarp of M . pusilla is gymnocarpic. According to MAAs GEESTE-RANUS ( 1964) the genus Mitrula is also monotypic. He has renewed the old genus H eyderia which is in his opinion monotypic, because the place of M. gracilis is indistinct.
In the present paper we have taken the genus Mitrula in a larger sense than the last two authors, but sensu stricto compared with the opinion of e.g. FRIES (1821), NANNFELDT ( 1942) and EcKBLAD ( 1963 External morphology. The size and fo-rm of the studied ascocarps of Mitrula paludosa are quite variable. The stipe is 2-5 centimetres high, smooth, transparent, whitish when fresh, orange yellow when dry. The base of the stem is generally thickened when grown in soft habitat, for instance in mud, forming a large white ball of hyphae. When growing on only a little decayed leaves the base of the stem is not at all thickened or very slightly.
The diameter of the ascigerous portion varies from 0.5 to over one centimetre. Mostly the cap is uneven, folded, but also even, almost spherical caps exist. Sometimes the caps resemble Spath ularia. The colour of the cap is yellow -orange yellow when fresh becoming far darker when dried. The form with even, 24 cylindrical-spherical cap is pure yellow in colour ( cf. var. cylindrica of VELENOVSKY 1934).
The ascigerous portion is connected to the stem without a sterile margin as seen in Mitrula gracilis and Heyderia abietis. The capstem relation varies very much depending on the habitat. In very rotten, soft places the specimens have thick, short, caespitose stems and small caps ( cf. var. pachyceps of KAR-STEN 1883); on a more solid substrate the stems grow slender and long, the height of them depending on the depth of the substrate in the water. The caps are generally large and variable in form.
Anatomy. The width of the hyphae in the central part of the stipe widens up to 15 fl, in the periphery of the stipe about 6 fl· The surface of the stem is smooth.
The size of the asci averages 75-110 X 5 -6 fl (measured in five specimens (FRIES 1821 , KARSTEN 1871 , 1883 , REHM 1896 , MASSEE 1897 , DuRAND 1908 , LLOYD 1916 , VELENovsKv 1934 , IMAI 1941 , MAINS 1955 , BENEDIX 1962 , EcKBLAD 1963 , MAAS GEESTERANUS 1964 . Specimens belonging to var. p.achyceps Karst., and possibly to var. sphaerocephala Boud. and var. cylindrica Vel. are included in the list of the studied specimens. Var. castanea Vel. is unknown to us as is f. pallens Eisfelder & Benedix. MAINS ( 1955, p. 873) has found three types of ascospmes occurring in the Mitrula paludos.a collections. We have found, however, spores of very variable fo·rm and size in the same specimen. The uniseptate spores are very rare in our collections ( cf. MASSEE 1897 , lMAI 1941 , MAINS 1955 .
Habitat. Mitrula paludosa grows in Finland preferably on decaying leaves of birch, but it is also found on leaves of Alnus, on needles and twigs of Pinus silvestris and Picea abies, and among more rotten rests of plants (in mud and slime) . Almost without exception the species is found along springs and spring brooks, and in bogs. Often its habitat is a puddle, but always a place where the water changes but does not flow. In such places the oxygen conditions are good. The habitat of our specimen collected in Canada was very similar to those in Lapland.
The habitats o.f the studied specimens agree with the notes presented in the literature (FRIES 1821 , KARSTEN 1871 , 1883 , CooKE 1871 , REHM 1896 , MAssEE 1897 , DuRAND 1908 , LLOYD 1916 , VELENOVSKY 1934 , biAI 1941 , NANNFELDT 1942 , MAINS 1955 , BENEDIX 1962 In Lapland the peak of occurrence of the species is July-August in normal years, in southern Finland June-July.
Most authors record the species to occur in spring and early summer (e.g. LLOYD 1916 , VELENOVSKY 1934 , MAINS 1955 . EcKBLAD 1963 . BENEDIX (1962) says that in the lowland the species occurs in May-June, in the highland in September.
Distribution. The specimens studied by the writer are mostly from Finland (see Fig. 1 ) . The species has never been found in the alpine regions of Lapland, thus above the Betula tortuosa tree limit. In other parts of Finland it seems to be common. Many collections and observations have been made along the Salpausselka ridges. The species is common on this area because of the occurrence of springs at the foot of the ridges .
Mitrula paludosa occurs in all of Europe (SACCARDO 1889 , IMAI 1941 , BENEDIX 1962 , in Greenland (LANGE 195 7), North America (DURAND 1908 , MAINS 1955 , Japan (IMAI 1941 ) , that is to say only in the northern hemisphere. EcKBLAD (1963, p. 153 ) has also noticed that this species does not occur above the tree limit. He says that «<n southern Norway it shows a slight tendency to coastal distribution«. Maybe the greater elevation of the inner parts of Norway leads to the aforesaid distribution.
List of the specimens studied (marked with dots on the enclosed map, Fig. 1 List of the observations of Tauno Ulvinen (marked with rings on the enclosed map, Fig. 1 1956 , Retusjarvi 31. 7. 1967 , «Ritti« 7. 7. 1963 , Hartola 6. 7.1963 Kuusankoski Keltti 1G. 6.1959'; Riihimaki 21. 7. 1956 ; Ruovesi Jiiminkipohja 30. 6. 1957 colour, in SIZe ol asci and spores, and in habitat.
The height of the studied ascocarps varies from 0. 7 to five centimetres. The stipe is yellowish or ochraceous in hesh material, but in some specimens it is whitish because of the presence of white, partly hyaline scales and hyaline hairs. The scales are poorly seen in dry material. The base of the stem is rugged, somewhat thickened, and divided into many fibres crossing the rhizoids o.f the host moss . The form of the ascigerous portion and its connexion with the stipe varies between that of M itmla paludosa and H eydcria abietis. The head and stipe are, however, almost the same colour when fresh.
Two extreme morphological forms can be distinguished in Mitrula gracilis material. In some specimens the fertile, c a p i t a t e, more or less folded head continues to the stipe without a distinct sterile zone. In very young ascocarps of this type, however, a free margin, filled with mucilaginous matter and hanging over the apex, can be seen (Tauno Ulvinen, by letter ) .
The specimens o.f the other type have a pi 1 eat e, unfolded head with a sharp overhanging margin. The surface of the broad sterile area is somewhat reticulated. These 28 kinds of specimens are as a rule smaller and paler, and the stipe is more scaly than in the former type. They ha e features, even when adult, similar to the juvenile stage o.f M. gracilis.
Though the extreme specimens among the studied material differ very conspicuously from each other it is not necessary to attach great importance to them as separate species, or e\·en as variations, because mediator specimens exist in this material. For instance most specimens from Canada indicate an infraspecific series. Some of these are also from Lapland, although it is yery difficult to distinguish this group. Uost material from northern Fennoscandia is of the capitate form. Some specimens from the northernmost Fennoscandian research area. and all material from Spitsbergen are of the extreme pileate form .
Particularly in dry material from Canada, but also in the pileate specimens rests of a veil between the stem and the head can be seen. When dried or preserved in alcohol the colours of M. gracilis, like M. p.aludosa become far darker, and the stipe and the head are no longer unifo-rmly coloured the stipe being (lemon ) yellow, and the head reddish brown.
Anatomy. The anatomy does not vary like the external morphology of the species in question. The hyphae in the axis of the stipe are up to 8 f-l wide, in the periphery 4-5 f,l wide. The hairs are hyaline, one-and twocelled, up to 30 f-l long. The scales extend upward, and they turn dark blue with cotton blue.
The asci average 65-85 X 6-7 f-l (measured in five specimens ) . The tips of the asci turn blue with iodine. The paraphyses are numerous and slightly thickened above. The spores are hyaline, somewhat punctate (best seen with oil immersion ), often uniseptate, more or less straight, fusiform. The size of the spores in the following collections is: Ranua 22. 7. 1943 9.2 X 2.4 f-l (50 measurements ); Kuusamo 6. 8. 1948 MAINS ( 1955, p. 8 71 ) has observed some variation in M . gr acilis in America. He writes that «<n some ascocarps the stipe gradually widens above, forming a sterile area on the lower portion of the head«. LANGE (1957) assumes that M. gracilis is possibly confused with M. multiformis. SKIRGIELLO ( 1961) has studied material collected from Spitsbergen, and she reports thase specimens to have an overhanging margin. EcKBLAD ( 1963, p. 151 ) , however, writes that SKIRGIELLo's illustration «seems to indicate another plant«. In our opinion the material described by SKIRGIELLO agrees entirely with our specimens from Spitsbergen, in other words with the pileate fo-rm described above. Similarly the finds from Jan Mayen (LARSEN 1924) may be of this type. BENEDIX (1962) and SvRCEK (1962 ) record from the Tatra Mitrula material the place of which in their opinion is uncertain as regards M. rehmii and M. gracilis. According to BENEDIX (p. 404) M. gracilis has a shorter stipe than M. rehmii. About his own Tatra material BENEDIX says that those specimens have no sharp overhanging margin, but they have the uneven head typical of M. rehmii. We assume that M. rehmii and M. gracilis sensu BENEDIX perhaps correspond in some degree to the variation described above. BENEDIX does not exclude the standpoint of REHM ( 1896) EcKBLAD (1963) and MAAS GEESTERANUS ( 1964) have studied the anatomy of the stipe of Mitrula species. MAAS GEESTERANUS (p. 89) says that «the very different structure of the stipe in itself is sufficient proof that Mitrula gracilis is not a H eyderia. I am not sure, however, as to its relation to Mitrula.« The anatomy of the stipe in our specimens nearly corresponds to that presented by EcKBLAD ( 1963) and MAAS GEESTERANUS ( 1964) except that neither author has observed any hairs or scales on the stem. ULVINEN (by letter) has seen scales in his M. gracilis material from En on tekio. Though the existence of such special structures brings M. gracilis in some way closer to Heyderia (sensu 1'v1AAS GEESTERANUS), it is not justifiable to place it in Heyderia. In our opinion it is thus reasonable to keep M . gracilis in Mitrula, but the study of the juvenile development is necessary.
Habitat. Mitrula gracilis grows on wet mossy places between hummocks in bogs. The studied specimens have been found on many different moss species. It is surprising that the extreme morphological forms presented above have no notable preference concerning to the mosses on which they live. Both forms are found on Aulacomnium palustre, Drepanocladus revolvens, and on Paludella squarrosa. In Lapland Paludella seems to be the most common host moss for the larger, capitate form. In addition it has been found connected with Bryum pseudotriquetrum, Calliergon stramineum, Campylium stella-tum, H elodium blandowii, H. lanatum, and with Philonotis tomentella. The gra. cile, pileate form in our collections is connected also with Calliergon sarmentosum, Oncophorus wahlenbergii, and with Tomentypnum nit ens.
Very often brown dead patches on moss mats around M. gracilis populations have been found. The phenomen is most obvious when a bright green moss species (for instance Paludella squarros. a or Calliergon sarmentosum) forms a more or less pure growing unit, and when the fungus grows in a!bundance. The most regular growing units we have seen in Spitsbergen (Fig. 3) where such brown rings are very conspicuous in some bogs . The fungus widens its growth area centrifugally while in the centre of the dead ring new, vigorous, bright green moss begins its growth.
In NANNFELDT 1942 , MAINS 1955 , BENEDIX 1962 concerning M . rehmii and M. gracilis, EcKBLAD 1963 , KALLIO & KANKAINEN 1964 0 Some authors have reported that the moss underneath the fungus is dead (KARSTEN 1883 , EcKBLAo 1963 , KALLio & KANKAINEN 1964 . Some authors assume that the fungus is a parasite (BRESADOLA 1892 , DuRAND 1908 , IMAI 1941 , MAINS 1955 . NANNFELDT (1942) had seen only healthy moss below the fungus. EcKBLAD ( 1963 ) writes that he and Mr. S. Sivertsen have observed almost circular brown patches on the moss mats. ULVINEN (by letter) has found M. gracilis (the pileate form from Enontekio ) killing Aulacomnium palustre. EcKBLAD (1963, p. 152 ) says that «<f such ( infraspecific) taxa exist they will probably exhibit some specialization as regards the substratum, in the way that different taxa occur on different mosses. This does not mean that we should expect a usual host -parasite relation«. Further on EcKBLAD reports he has not seen any fungal hyphae within the cells of the moss. Neither have we observed fungal hyphae penetrating the moss cells. We are of the opinion that the fungus gets nutrients diffusioned from the exuding liquid of the moss. The toxic effect of the fungus is an axiom but it can be a secondary handicap effect which does not necessarily have to do with the nutrition of the fungus ( cf., too, EcKBLAD 1963, p. 152) . On the other hand the toxic effect may be also a primary effect increasing the permeability of the cell membranes in the host moss. As seen above there is very large variation which does not seem to depend noteworthy on the moss substrate. The variation does not obviously correspond to the «biologic variation« of Mitrula abietis (VELENOVSKY 1934 , ULVINEN 1966 because the nutrition is different in M. gracilis and M. abietis. It is necessary to know more about the nutrition in M. gracilis and about the influence of e.g. the temperature on the morphogenesis of this species before the problem of variation is solved.
Phenology. Mitrula gracilis is a species between M. paludosa and H eyderia abietis as regards the period of growth, for it is a species. of summer and autumn. The capitate specimens in the studied material seem to be earlier than the pileate types. The former is found to occur from the middle of July to August 21, the latter from August 6 to September 12. The specimens from Canada are collected between July 31 and August 6. The climate fluctuates very much from year to year. For instance the summer and autumn in Finland in 1967 was wanner than average. In 1968 the summer was exceptional cold in Lapland.
In Fennoscandia the peak of occurrence of M. gracilis is clearly in August, as seen in the following Also the notes of the other authors nearly conform to that reported above as regards the period of growth in M. gracilis (KARSTEN 1883 , IMAI 1941 , MAINS 1955 ). DuRAND's note ( 1908, p. 403 ) «March (?) -September« is really doubtful. In the Alps and in the Tatra the species is found in September (HErM & REMY 1932 concerning M . rehmii, BENEDIX 1962 .
Distribution. (Fig. 3) The distribution of the different forms of M. gracilis is already treated above. The capitate form is found to occur from 63 o20'to 70° n.lat. and the pileate form from 68° to 78° ri.lat. The
As seen above there is hardly a basis for the separation of different taxa. The cultivation of the species in different circumstances is needed.
SUMMARY
Mitrula paludosa Fr. is a species of spring and early summer. It is common in Finland up to the birch forest limit.
Mitrula gracilis Karst. is a subarcticarctic-alpine species. Its external morphology varies very much. Except the extreme capitate and pileate forms also infraspecific forms exist. The basis of the variation is not yet solved.
H eyderia abietis (Fr.) Weinm. grows on pine and spruce needles, but the separation of var. abietis and var. pusilla is not fully founded. The species is found in Finland up to the limits of the pine and spruce forest.
